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sleep-induced apnea respiratory function CO 2 response orthostatie hypotension anterior cervical fusion respiratory failure ANTERIOR spinal surgery has become a treating ~/_~common method of such cervical abnormalities as herniated cervical discs, anterior spondylitic bars, and fracture dislocations. The complications reported have generally concerned surgical problems such as pressure occlusion of the carotid artery, laceration of the vertebral artery, laryngeal palsy, hematomas, extrusion of the bone plug, and compression myelopathy. 1-s, [12] [13] [14] This report sets forth a complication not previously emphasized, namely the insidious development of respiratory failure; it has been described only once before. 11 Our cases would not have been recognized were it not for our interest in the respiratory effects of percutaneous cervical cordotomy. A previous study 9 clarified the syndrome of afferent respiratory dysfunction following cordotomy. In that condition conventional parameters of respiratory failure were not a reliable guide. The routine blood gases and vital capacity were often deceptively normal because an afferent component of the central respiratory control mechanism was disrupted. Thus, normal fasciculatory and modulatory feedback pathways were no longer available to make fine adjustments in the respiratory servomechanism, although gross responses were handled satisfactorily. Further clinical observations have confirmed that inadequate adjustments are seen under a variety of conditions such as general anesthesia, the use of narcotics, barbiturates, or tranquilizers, even changes in inspired oxygen and COe mixtures. The physiological alterations during sleep were handled particularly poorly, as sleep normally depresses all vital functions. The following two case reports describe this respiratory complication from anterior cervical spinal surgery.
Case Reports
In January, 1970, this 53-year-old man fell backward sustaining a cervical spinal cord injury that resulted in quadriplegia. He was immobilized in halter traction and by the time of discharge 3 months later had almost complete restitution of neurological function. The improvement was short-lived and by the end of 1970 the spastic paraparesis had recurred. A chest film was normal. Cervical spine films showed only the previously recognized congenital blocked vertebrae at C5-6. Pantopaque myelography demonstrated an anterior bar at C3-4 with considerable narrowing of the cervical canal.
Operation. On December 10, 1970, he underwent an anterior cervical discectomy at C3-4 with a bilateral foraminotomy and interbody fusion. His vital signs were stable during the procedure; blood pressure was 120/80, pulse 60, and respirations were controlled at 20/min.
Respiratory Dysfunction. In the recovery room the tidal volume varied between 100 and 150 cc, and he was maintained on a respirator for approximately 4 hours; by then, since the tidal volume was 500 cc and respiratory rate was 20/min, the tube was removed. Over the next 2 days he remained inexplicably lethargic. Examination of the motor system was unchanged from its preoperative status. However, he spoke in a whisper, had absent gag response, difficulty in swallowing, and a sensory level at C-3. Three days after the operation he complained of a poorly localized, uncomfortable sensation in his chest. Tests for myocardial disease and parenchymal pulmonary disease were normal except for a few premature ventricular contractions. By the fourth postoperative day his state of consciousness was markedly depressed; breathing was shallow and he responded only to noxious stimuli. Blood gases were obtained for the first time, pO2 was 280 mm Hg, pCO2 93 mm Hg, and pH 7.23. He was intubated and breathed vigorously for several minutes; then he had a cardiac arrest. Immediate blood gas analysis showed a pO2 of 47 mm Hg, pCO2 of 44ram Hg, and pH of 7.62. The blood gases were evaluated again some minutes later when his condition was stabilized, and the values then were pO2 54 mm Hg, pCO2 47 mm Hg, and pH 7.41. Because of the low pOz while breathing room air, he was given oxygen via face mask; the subsequent blood-gas values obtained were pO2 100 mm Hg, pCO2 56 mm Hg, and pH 7.37.
During the rest of the day his respiratory rate ranged from 20 to 22/min, tidal volume 150 to 220 cc, and minute ventilation 3.6 to 4.4/min. His vital capacity was 500 cc and the pH remained at 7.4 with a pCO2 of 45 to 50 mm Hg and a pOz of 40 to 50 mm Hg. He was reintubated and placed on a respirator from the fifth to the eleventh postoperative day. During the evenings he became fatigued, and if respiration was not supported he became apneic while asleep. He therefore was placed on a respirator each night and breathed a humidified oxygen-enriched mixture during the day. Pulmonary function studies were performed daily during this time, including ventilatory response to room air, 5% CO2, and 100% O,_, (Table 1 ) . Vital capacity was 500 cc on the fifth postoperative day, 800 cc on the sixth and seventh, 1800 cc on the tenth, and 2000 cc on the eleventh.
On the eleventh day the tube was removed, and the patient did well. His respiratory rate 20 days after the operation was 16/min, tidal volume 560 co, minute ventilation 8.9 1/min, pH 7.45, pCO., 44 mm Hg, and pOz 79 mm Hg. Beginning 4 days after operation, he had shown orthostatic hypotension and bradycardia. His blood pressure while supine was 110/60 mm Hg and fell to 70/40 mm Hg while sitting. The pulse during the whole postoperative period had ranged from 60 to 80/rain despite the fact that he had a febrile course due to pulmonary and urinary tract infections with fevers as high as 105~
One month postoperatively he was walking with the aid of a walker. The abnormal sensory level had disappeared and he was able to eat soft foods; he still had decreased voice production and absent gag reflexes. He Sleep-induced apnea after anterior spinal surgery 
Case 2
This 68-year-old man had a 15-year history of cervical spine disease. Six months earlier, he had developed mild spastic quadriparesis with a sensory level at C-5 and urinary retention. The chest x-ray was normal. Plain films of the cervical spine demonstrated moderate spondylitic changes with narrowing of the cervical canal. Pantopaque myelography showed a ventral bar at C3-4 with smaller osteophytes at C4-5 and C5-6.
Operation. An anterior cervical discectomy and interbody fusion were performed at C3-4 and C4-5. Pulmonary function tests were measured in the recovery room (Table  2) .
Respiratory Dys]unction. The patient remained drowsy for the next 24 hours; the sensory level at C-5 remained unchanged and there was weakness of the distal portion of the right arm. During the first night after the operation he breathed irregularly and had several periods of apnea; he was therefore reintubated and respirations were supported for the remainder of the night. He remained intubated with respiratory assistance at night for the next 5 days and was extubated on the sixth postoperative day. Pulmonary function was measured during that period of time (Table 3) . These studies showed a gradual improvement of his ventilatory response to CO2 which, when measured again 1 month later, was almost normal. Vital capacity was 1000 cc on the third postoperative day, 2000 cc on the fifth, and 3000 cc on the eighth.
Discussion
Both these patients had impaired respiratory function immediately after surgery, became apneic during sleep, and required assisted ventilation at night for several days. During this period of vulnerability to sleepinduced apnea, both the COz response test and vital capacity were impaired. These functions improved with time and when the COo. response approached normal, both were extubated and had no further breathing difficulties. Another feature of this syndrome in Case 1 was orthostatie hypotension and bradycardia, a finding we have noted previously. 9 This observation was also made by Norrell and Wilson 1~ who observed marked cardiorespiratory instability after anterior fusion in four patients who had spinal cord trauma; these autonomic changes which were manifested by cardiac asystole and respiratory arrest in response to tracheal stimulation by a suction catheter, were not related to hypoxia and were not abolished by large doses of atropine. In our experience this reflex always responded to atropine administered in dose levels of 1 mg/4 hr. In both series the reflex gradually subsided in 1 to 4 weeks.
This complication has rarely been noted because surgery at the C3-4 space is rarely performed, and respiratory failure is occult and not recognized. Respiratory failure is especially likely to occur during sleep. The uninitiated usually attribute this event to pulmonary embolus, myocardial infarction, or even pneumonia, and, since the condition is usually self-limiting and spontaneously reversible, no further investigation is undertaken. If death occurs, no pathological cause is found. Under either circumstance, the true state of affairs remains unsuspected and undefined. It is for these reasons that we are alerting surgeons to this possibility of respiratory failure.
